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Abstract
Purpose: One of the most widely applied methods to assess upper-body strength in children and adolescents 
is the handgrip strength test. While in adolescents it has been determined which elbow position, and 
which type of dynamometer are most appropriate for achieving the maximal grip strength, in children 
is still not clear. Therefore, the purpose of this study was to investigate whether elbow position and the 
type of dynamometer affect the handgrip strength in children.
Material: Grip strength was measured by TKK and DynX dynamometers, and their validity and reliability were also 
analysed. A total of 60 children, 6 to 11 years old, participated in this study, and performed the handgrip 
strength test with their elbow extended and flexed at 90°.
Results: While using the TKK dynamometer, grip strength was significantly higher when the test was performed 
with elbow extended, in contrast to those obtained with elbow flexed (14.58±3.04 kg vs 12.97±2.99 kg, 
p<0.001 for right, and 14.25±3.05 kg vs 12.61±2.99 kg, p<0.001 for left hand). Likewise, when using the 
DynX dynamometer, the difference between the two elbow positions was smaller but still significant 
(13.84±3.22 kg vs 13.35±3.01 kg, p=0.035 for right, and 13.35±2.95 kg vs 12.77±2.96 kg, p=0.003 for left 
hand).
Conclusions: Both dynamometers provided sufficient results in terms of their reliability and the TKK dynamometer 
showed to be more valid. Performing the handgrip strength test with elbow extended appears to be the 
most appropriate position in order to obtain maximal results in children.
Keywords: physical fitness, maximum grip performance, dynamometry, Bland and Altman.
Introduction1
Muscular strength is the ability to perform activities 
which require a high level of muscular force and has been 
one of the main components for assessing health-related 
physical fitness [1]. Systematic reviews show that there is 
strong evidence that improvements in muscular strength 
from childhood to adolescence are inversely proportional 
to changes in overall adiposity later in life [2, 3]. There 
is no single test for measuring muscle strength, because 
the maximum force which can be generated depends on 
several factors, such as the size and number of muscles 
involved, the proportion of muscle fibres in action, and 
the coordination of the muscle groups [4]. However, the 
most commonly performed test is the handgrip strength 
test [1, 4], which appears to be a widely-used method to 
measure upper body isometric strength in children and 
adolescents [5-9].
Handgrip strength has been shown to be influenced 
by different factors, such as gender, age, positions of 
the shoulder, elbow, forearm and wrist [10-12], posture 
[13, 14], as well as grip span and hand span [4, 15-18]. 
It is not clear which elbow position is most appropriate 
for achieving the maximal handgrip strength, owing 
to inconsistent findings [19-23]. While the American 
Society of Hand Therapists supports the 90° flexed elbow 
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position [24], the American Centers for Disease Control 
and Prevention (CDC) recommends that the test should 
be performed with a straight elbow [25]. Furthermore, 
other findings show that maximal handgrip strength was 
achieved with flexed elbow at 135°[26]. Most studies 
on the influence of elbow position with regards to the 
assessment of handgrip strength have been conducted 
with adults [21, 23] or elderly people [20]; however, 
studies on the effect of elbow position in youngsters 
are scarce. For instance, it was reported that the most 
appropriate protocol for assessing handgrip strength, in 
adolescents between the ages of 12 and 16, is with elbow 
in full extension [27], but in children this has not been 
investigated yet.
Studies on handgrip strength have been conducted by 
using different hand dynamometers, such as: TKK digital 
dynamometer, Jamar hydraulic dynamometer and DynX 
electronic dynamometer. The validity and reliability of 
these common dynamometers were reported in several 
studies [28, 29], but they were mainly conducted by 
using correlation coefficients, which is not considered as 
the most appropriate method for that purpose [30, 31]. 
An alternative approach, based on graphical techniques 
and simple calculations for assessing agreement between 
two different methods, which was provided by Bland and 
Altman [32], is commonly used for that purpose. Based 
on this approach, studies on test and retest were conducted 





to be reliable by producing a mean difference of less 
than 0.25 kg [33-36], that is lower than the precision of 
an average analog dynamometer (i.e. 0.5 kg). However, 
differences amongst instruments (type of dynamometers) 
and duration between measures might have an effect on 
the precision of a dynamometer [35]. Furthermore, when 
different models of the TKK dynamometer were measured, 
the systematic error between different instruments of the 
same model and between different models (digital vs. 
analog) was reported to be between 0.3 kg and 0.6 kg, and 
the systematic error between new and old dynamometers 
ranged from 0.8 kg to 1.1 kg [37] which can be quite 
significant. The TKK dynamometer showed the lowest 
systematic error and the highest criterion-related validity 
and reliability in comparison to the Jamar and DynX 
dynamometers, when tested vs known weights within the 
range of 5-65 kg [27]. However, the Bland and Altman 
plots in the same study suggest that these results might be 
different in the range of the children’s grip strength (5–
30 kg) for the DynX dynamometer. Although, the TKK 
dynamometer provided the highest validity and reliability 
(vs other dynamometers, such as Jamar), further research 
involving different types of dynamometers (e.g. Jamar, 
DynX), especially focused on the range of the children’s 
handgrip strength (5-30 kg), are needed in order to confirm 
these findings [37].
Therefore, the purpose of our study was to investigate 
whether elbow position affects the handgrip strength in 
children (6 – 11 years of age), and to analyze the validity 
and reliability of widely applied dynamometers, TKK 
and DynX vs known weights, within the range of the 
children’s strength (5-30 kg).
Material and methods
In order to examine whether the elbow position 
affects the handgrip strength in children, grip strength 
measurements of two different elbow positions were 
compared (at full extension and flexed at 90°) by 
implementing two different hand dynamometers, TKK 
digital hand dynamometer and DynX electronic hand 
dynamometer. The Bland-Altman method was applied in 
order to analyze the validity and reliability of the TKK 
and DynX dynamometers vs known weights within the 
range of the children’s handgrip strength (5-30 kg).
Participants
In this study a total of 60 children participated 
(30 boys and 30 girls) from 6 to 11 years of age. The 
research was carried out at St Edmund’s Primary School 
in London, United Kingdom. Letters with information 
about the nature and the purpose of the study were given 
to the children and their parents/guardians. Written 
informed consent was obtained from the parents prior to 
testing. The protocols from this study were performed 
in accordance with the ethical standards established in 
the WMA Declaration of Helsinki (revised in Fortaleza, 
Brazil, in 2013).
Procedures
Handgrip strength was measured with two different 
dynamometers:
1. TKK digital hand dynamometer (TKK 5101 Grip-D, 
Takey, Tokyo, Japan), which has an adjustable grip 
span ranging from 3.5 to 7 cm with a precision of 
0.1 kg [5].
2. DynX electronic hand dynamometer (MD System, 
Inc., Westerville, OH, USA), which has 3 grip 
Fig. 1. Handgrip strength test with fully extended and flexed elbow, using TKK (above) and DynX (below) dynamometers
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positions (4.75 cm, 6 cm, and 7.25 cm) with a 
precision of 0.1 kg [38].
The optimal grip span was determined for every child 
according to their hand size by employing the equations 
developed by Espana-Romero et al. [15], and the grip 
position of the TKK dynamometer was adjusted to each 
individual prior to testing. The second grip position (4.75 
cm) was used for the DynX dynamometer [28, 38].
Two different tests with each dynamometer were 
performed. The first test was with the elbow at full 
extension, and the second with flexed elbow at 90°. 
Standard procedures were followed for both tests [5, 
27]. In brief, during the assessment with straight arm, 
children were asked to keep their elbow at full extension, 
the forearm in neutral position, with the wrist extended. 
When performing the test with bent elbow, the forearm 
was in neutral position and the elbow joint at 90°. Both 
tests were performed with feet shoulder-width apart in 
standing position, and children were given instructions not 
to touch any other part of the body with the dynamometer, 
except the hand being measured.
Each test was performed twice, with the left and right 
hand alternately. During the tests, the elbow position, 
the hand being tested, as well as the dynamometer were 
chosen randomly. Children were encouraged to squeeze 
gradually, continuously, and as hard as they can for at 
least two seconds, with a rest period of at least 60 seconds 
between tests and at least 5 min between dynamometers.
Validity and reliability
The comparison between dynamometers and known 
weights (validity) and repeated measurements (reliability) 
of the TKK and DynX dynamometers were analyzed by 
using known weights within the range of the children’s 
grip strength (5–30 kg, every 5 kg). The weights were 
verified by using an electronic scale with an accuracy of 
0.05 kg. The weights were held with a belt (5 cm width 
and weight of 200 ± 1 g, which was taken into account), 
and they were measured twice in random order. In order 
to assess whether there was systemic bias, the deviation 
of the average differences of measurements from 0 was 
analyzed by one-sample t-test.
Statistical Analyses
The Kolmogorov-Smirnov test of normality was 
applied in order to examine the distributions of handgrip 
strength values. Paired t-test for dependent samples 
was used in order to compare the differences between 
the elbow positions (full extension vs flexed at 90°). 
Statistically significant differences between the average 
results were evaluated at p < 0.05, and all data in the text 
are presented as mean ± SD. In addition, Cohen’s effect 
size of the handgrip strength values with elbow at full 
extension vs flexed at 90° were also calculated in order 
to present the magnitude of the effects. The following 
classification of the effect size was applied: d (0.01) = 
very small, d (0.20) = small, d (0.50) = medium, d (0.80) 
= large, d (1.20) = very large, and d (2.00) = huge [39, 
40]. Percentile scores for the average handgrip strength 
of both hands were calculated by using the available 
gender- and age- specific interpolated European norms 
for children and adolescents [41]. All the analyses were 
performed for both boys and girls together because there 
was no interaction between gender and elbow position, 
and gender and type of dynamometer.
The Bland-Altman method was used to analyze 
the validity and reliability of the TKK and DynX 
dynamometers. This method is considered appropriate 
for studying the agreement of 2 measurements [32]. 
Moreover, the systematic bias, 95% confidence intervals 
of the bias, and the 95% limits of agreement (bias ± 1.96 
SD of the differences) were also computed.
Results
The Kolmogorov-Smirnov test showed normal 
distribution for all variables. The results from the 
handgrip strength test obtained with each dynamometer, 
and each hand and elbow position, are presented in Table 
1. Handgrip strength was significantly higher when the 
test was performed with elbow extended, in contrast to 
the results obtained with flexed elbow at 90°, while using 
the TKK dynamometer (14.58 ± 3.04 kg vs 12.97 ± 2.99 
kg, p < 0.001 for right hand, and 14.25 ± 3.05 kg vs 12.61 
± 2.99 kg, p < 0.001 for left hand). Furthermore, Cohen’s 
effect size values were 0.87 for right hand, and 0.91 
for left hand. When using the DynX dynamometer, the 
difference between the two elbow positions was smaller, 
but still significant, in favour of the fully extended elbow 
position (13.84 ± 3.22 kg vs 13.35 ± 3.01 kg, p = 0.035 
for right and, and 13.35 ± 2.95 kg vs 12.77 ± 2.96 kg, p 
= 0.003 for left hand), and the effect sizes were small to 
moderate (d = 0.28 and d = 0.41, respectively).
The data did not change much after adding up the 
results obtained with both hands (Figure 2). The children’s 
grip strength was significantly higher when the test was 
performed with full extension, in contrast to bent elbow 
position using TKK dynamometer (28.83 ± 5.85 kg vs 
25.58 ± 5.69 kg, * p < 0.001), as well as using DynX 
Table 1. Handgrip strength according to the type of dynamometer and hand and elbow position (at full extension and 
flexed at 90°) in children aged 6 to 11 years (n = 60), Mean ± SD
Dynamometer Hand Extended Flexed Difference Percent Difference p
TKK
Right 14.58 ± 3.04 12.97 ± 2.99 1.61 ± 1.85 11.02% < 0.001
Left 14.25 ± 3.05 12.61 ± 2.99 1.64 ± 1.81 11.52% < 0.001
DynX
Right 13.84 ± 3.22 13.35 ± 3.01 0.49 ± 1.77 3.56%    0.035




dynamometer (27.19 ± 5.86 kg vs 26.12 ± 5.73 kg, * p 
< 0.001). Additionally, significantly higher results were 
registered when using TKK dynamometer with full 
extension in comparison with DynX dynamometer with 
elbow flexed at 90°, † p < 0.001 (Figure 2).
Percentile scores (PRs) of the average handgrip 
strength in both hands, based on the most recent norms in 
European children [41], were calculated from the values 
obtained by the TKK dynamometer with straight elbow 
position, because these results showed the highest values. 
The mean percentile score for all participants was 54.0 ± 
28.0, and ranged from 5.2 to 98.1, which shows that the 
sample represents the whole range of possible handgrip 
values (9.0 – 21.2 kg) in children from 6 to 11 years of 
age.
The validity and reliability of the TKK and DynX 
dynamometers were analysed by using known weights 
within the range of the children’s possible handgrip 
strength (5-30 kg). The criterion-related validity analyses 
showed a non-significant systematic bias of -0.20 kg (p > 
0.05) for the TKK, and a significant systemic bias of -0.42 
kg (p < 0.001) for the DynX dynamometer. The 95% limits 
of agreements were 0.62 kg for the TKK dynamometer, 
and 0.46 kg for the DynX dynamometer (Fig.3).
The reliability analyses revealed a non-significant 
systematic bias of -0.07 kg in the TKK, and 0.10 kg in the 
DynX dynamometer (p > 0.05 for both dynamometers), 
and the 95% limits of agreements were 0.27 kg, and 0.25 
kg, respectively (Fig.4).
Discussion
The handgrip strength test is part of many health-
related physical fitness test batteries in children [5, 8, 42-
44], in addition to being widely used in experimental and 
epidemiological research [7, 45, 46], as well as throughout 
a range of groups practising sports [47, 48]. Therefore, it 
is of particular importance to standardize the procedure of 
this test in order to prevent measurement errors.
To the best of our knowledge there have not been any 
research focused on whether the elbow position affects 
handgrip strength in children between the ages of 6 and 
11 when using TKK or DynX dynamometers. The results 
from this study, showing that handgrip strength is higher 
with full extension in comparison to bent elbow, are in 
agreement with a number of authors who investigated 
this issue in adolescents [27] and college students [19], as 
well as the recommendation by the American Center for 
Disease Control and Prevention (CDC) to perform the test 
with straight elbow [25].
Espana-Romero et al. [27] explains the higher 
handgrip values produced by the TKK dynamometer in 
comparison with other dynamometers, partially by the 
fact that the grip span of this dynamometer is accurately 
adjusted to the adolescent’s hand size by using the 
equations of Ruiz et al [18]. In our study we applied 
the equations adjusted for the hand size of children [15] 
when using the TKK dynamometer, and we also observed 
greater handgrip strength values in favour of the TKK vs 
the DynX dynamometer.
The greater difference between the recorded values 
with straight and bent arm, obtained with TKK vs DynX 
dynamometer in our study, might be explained by the 
influence of the dynamometer’s weight and the greater 
distance of the tool from the hand grip, which is apparent 
especially for the TKK dynamometer. This might 
negatively influence the handgrip strength produced 
Figure 2. Comparison of handgrip strength measured with elbow at full extension (blue) and with elbow flexed at 90° 
(green) in children aged 6 to 11 years (n = 60). Sum of right and left hand scores is shown, and was used for analyses. 



































































Average between dynamometer score - known weight (kg)
TKK Dynamometer
Figure 3. Validity between the TKK and DynX dynamometers and known weights by Bland and Altman plots [32]. The 
central line shows the mean difference (bias) between the dynamometer weight score and the known weight. The 





































Average between dynamometer score - known weight (kg)
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with bent elbow, specifically in children. This effect 
is smaller for the lighter dynamometer, DynX. When 
handgrip strength is assessed by using lighter (DynX) and 
shorter (Jamar) dynamometers in older individuals, such 
as adolescents [27] and young adults [26], no significant 
difference between the straight and bent elbow positions 
was reported.
Espana-Romero et al reported that the DynX 
dynamometer underestimates the handgrip strength levels 
(-1.43 kg, p < 0.05), and the TKK dynamometer slightly 
overestimates handgrip strength (0.49 kg, p < 0.05) when 
analysed vs known weights between the ranges of 5 to 
70 kg, but these systematic biases are more visible after 
reaching a handgrip strength above 40 kg [27]. In the 
present study, the validity analyses within the range of the 
children’s possible handgrip strength (5-30 kg) suggested 
a systematic error for the DynX dynamometer (-0.42 kg, 
p < 0.001), but this underestimation is lower than the 
precision of an average analog dynamometer (i.e. 0.5 kg). 
Our findings also suggested a non-significant systematic 
bias of -0.20 kg (p > 0.05) for the TKK dynamometer, 
which is in agreement with Espana-Romero et al. within 
the range of 5-30 kg [27]. In contrast, the reported results 
in a recent study on validity of different models of TKK 
dynamometers (2 new digital, 1 old digital, 2 new analog 
and 1 old analog) vs known weights suggested that all 
of the TKK models underestimates the handgrip strength 




Figure 4. Reliability of weight trials of TKK and DynX dynamometers by Bland and Altman plots [32]. The central line 
shows the mean difference (bias) between the dynamometer weight score and the known weight. The upper and 























































believe that this underestimation could be due to the scale 
used to measure weights.
The reliability analyses in our study suggested a 
systematic bias of -0.07 kg in the TKK, and 0.10 kg in the 
DynX dynamometer (p > 0.05 for both dynamometers), 
similar to those reported in other studies: 0.02 kg for 
the TKK and 0.26 kg for the DynX dynamometer (p > 
0.05) [27]; -0.20 kg (p > 0.05) for the TKK dynamometer 
[36]. Overall, studies on test and retest of the TKK 
dynamometer showed consistency with a mean difference 
of less than 0.25 kg between trails [33-36]. However, 
when repeated measures are taken by using different 
TKK dynamometers (e.g., two digital dynamometers) or 
different models (e.g., digital vs analog), the systematic 
error is expected to range from 0.3 to 0.6 kg [37].
Conclusions
In conclusion, performing the handgrip strength test 
with elbow extended appears to be the most appropriate 
protocol in order to evaluate maximal handgrip strength in 
children. Both, TKK and DynX dynamometers provided 
sufficient results in terms of their reliability within the 
range of the children’s handgrip strength, and the TKK 
dynamometer showed to be more valid.
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